INTRODUCTION
The paper examines the acoustic cues relevant in the auditory perception of Serbian and English voiceless stops by the native speakers of Serbian and explores the presence of interference in the perception of the latter. Before presenting the results of the research directly, it is instructive to set a brief theoretical introduction in order to clarify the most relevant notions. Accordingly, the introductory part of the paper has two most significant goals: firstly, to provide a brief account of the concept of interference; and secondly, to discuss the acoustic cues relevant in the perception of stop consonants.
The notion of interference according to which learners rely on their L 1 experience when encountered with the system L 2 is one of the most influential and longstanding concepts in the field of L 2 learning. According to the Contrastive Analysis Hypothesis (CAH) where it was originally proposed, the system of L 2 is filtered through the system of L 1 , with L 1 facilitating the learning of L 2 when the target structures are similar and interfering with it when they are different or completely absent (Celce-Murcia, Brinton and Goodwin 1996: 19-20) . Although the CAH has been challenged primarily because it cannot accurately predict the degree of difficulty (i. e. subtle differences between the structures of L 1 and L 2 are sometimes more difficult to acquire than the more prominent ones) or its directionality (i. e. whether it will be more difficult for the native speakers of one language to master a dissimilar or nonexistent structure in another or vice versa), the concept of interference, nowadays more commonly referred to as transfer, is accepted as valid by most of the researchers in the field. Even more importantly, its mechanisms can be observed in the areas of both language production and language perception.
Shifting the focus to the auditory perception of stops, there are two most informative acoustic cues responsible for distinguishing between distinct places of articulation: the spectra of the burst, i. e. explosion, and formant transitions of the following vowel (Dorman et al. 1977 , Hayward 2000 , Johnson 2003 . Equally importantly, the two acoustic cues tend to exhibit a complementary relation in a sense that the strength of one of them is complemented by the weakness of the other and vice versa (Dorman et al. 1977) .
The concept of a burst refers to the abrupt release of pressure in the production of stop consonants, which is typically identified as a narrow and dark vertical spike on a spectrogram. Depending on the place of articulation, the bursts of stops differ from one another in the distribution of energy. Thus, the bursts of bilabials are the faintest with energy evenly distributed over a wide range of frequencies, the energy of alveolar bursts is generated at higher frequencies around 4000 Hz, whereas the concentration of energy of velar bursts is in the middle of the frequency range, roughly around 2500 Hz. This acoustic information can be obtained either from conventional spectrograms or spectral analysis of the burst.
Another acoustic cue responsible for the perception of stops is the shape and range of the following vowel's formant transitions, primarily the ones of F 2 and F 3 .
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Formants represent resonant frequencies of the vocal tract, which are identified as dark horizontal bands on a spectrogram. In CV sequences, the shapes of formants before reaching the steady state are influenced by the place of articulation of the preceding consonant, which corresponds to the concept of a formant transition. In other words, the stops with different places of articulation influence the shape of the following vowel's formant transitions in different ways, which is reflected in their perception. Thus, for bilabial stops, both formant transitions tend to rise due to the fact that their locus frequencies are rather low. The F 3 transition under the infl uence of alveolars is level, whereas F 2 rises if the following vowel is front or falls if it is back (Figure 1) . Finally, the transitions under the infl uence of velars tend to originate closely together and then they move in opposite directions, with the F 2 transition falling and the F 3 transition rising. In languages with aspirated voiceless stops, such as English, the interval of aspiration, i. e. the additional energy of the breath accompanying the burst, overlaps with the following vowel's formant movements (Figure 1 ). It is often possible to identify a given stop solely by listening to the formant movements of the following vowel. This is the case in English whose speakers, as Hayward (2000: 184) points out, have no diffi culty in distinguishing between the initial stops of e.g. bay, day and gay only on the basis of the CV formant transitions. The transitions are especially relevant in the perception of English voiceless stops. Due to the fact that they are characterized by considerable aspiration, the interval coinciding with the formant movements tends to be rather long and, therefore, rather informative. However, languages of the world do differ with respect to the degree of informativeness of the aforementioned acoustic cues. What is equally important, if the mechanisms of interference really work in the area of auditory perception, it is expected that the speakers who fi nd bursts more informative in their native language will rely on the same acoustic cue in the perception of the corresponding stops in other languages.
GOALS AND METHODOLOGY
As already mentioned, the paper has two most significant goals: (a) to examine the informativeness of the burst and CV formant transitions in the auditory perception of Serbian and English voiceless stops by the native speakers of Serbian and (b) to explore the presence and nature of interference in the perception of the latter.
The subjects were 10 Serbian native speakers of the same age, 5 males and 5 females. All of them learned English as L 2 for 8 years, but have not received any training during the last 5 years. They were given two separate questionnaires, one for each language, and asked to listen to the isolated bursts and CV formant transitions in order to circle what they hear: /p/, /t/ or /k/.
For each language, there were 24 tokens, half of which were isolated bursts and another half the corresponding CV transitions, ordered randomly. The acoustic cues in question were extracted from Serbian-English pairs of words illustrating each voiceless stop before Serbian /í/ (long-rising accent) and /ȍ/ (short-falling accent) and English /i:/ and /ɒ/ ( Table 1 ). The choice of one high front and one significantly lower back vowel in each language results from the fact that the vocalic environment can have considerable influence on the shapes of the formant transitions. The interlinguistic choice of vowels results from both articulatory and acoustic similarities, i. e. their average formant frequencies in the languages in question. Lastly, both bursts and formant transitions were isolated in their entire duration. Thus, in the latter case, the starting point was the one where the formant transition begins, whereas the final point was the one where the steady state of a given vowel is reached. Eventually, there were 120 listenings of bursts and 120 listenings of the corresponding CV formant transitions in each language. The total of correct identifications was calculated by simple addition of the correct identifications made by all the subjects, with the relevant results expressed in percentage terms.
THE RESULTS OF THE RESEARCH
The analysis of the data shows that the native speakers of Serbian find bursts considerably more informative than the corresponding CV formant transitions in the perception of Serbian word-initial /p t k/ ( Table 2 ). The number of correct identifications on the basis of the burst is 88 out of maximum 120, which is approximately 73%. As for the following vowel's formant transitions, the stops were correctly perceived in 47 out of 120 listenings, which makes up only 39% of the analyzed tokens. Considering the place of articulation, the number of correct identifications on the basis of the burst increases from /p/ to /t/ and /k/, whereas in the case of the formant transitions, the ordering is reversed. This may point to the complementary relation between the two acoustic cues. However, what poses difficulties is the ratio between the numbers of correct identifications characterizing different places of articulation. While the bursts of /p t k/ appear to be more or less equally informative, the same observation does not apply to the formant transitions. The transitions under the influence of /k/ are significantly less informative than the ones under the influence of /t/ and especially /p/. Thus, it is possible to conclude that the true complementary relation between the relevance of Serbian bursts and the corresponding formant transitions does not really exist. In other words, the strength of one acoustic cue for different places of articulation is not complemented by the equal weakness of another (Chart 1). The same tendency is observed in Bakran's study of the perception of Croatian voiceless stops (1996: 89-90) .
Another distinction between the two acoustic cues in Serbian is their sensitivity to the vocalic environment (Table 3 ). The number of correct identifications of wordinitial /p t k/ on the basis of the burst is not significantly different in the contexts when the following vowel is /í/ and /ȍ/. Regardless of the place of articulation, the distinction does not surpass 13%, which points to rather low sensitivity of the bursts to the vocalic context. As for the perception on the basis of the formant transitions, the choice of the following vowel is a much more significant factor. This observation is particularly obvious in the case of /k/, whose identification in front of /í/ is approximately 67% more successful than in front of /ȍ/. Such behavior can be explained by the general tendency of velar stops to adjust their articulation to the following vowel. The opposite behavior is exhibited by /t/ whose number of correct identifi cations in front of /í/ is 40% smaller in comparison to the context where the following vowel is /ȍ/. Lastly, the perception of /p/ proves to be least sensitive to the vocalic environment, which is probably caused by rather fi xed place of articulation exhibited by bilabial stops in general.
Chart 1: The relevance of the burst and corrsponding CV formant transitions in the perception of different places of articulation of Serbian voiceless stops Burst CV transitions Shifting the focus to the perception of English voiceless stops, the results of the research indicate that Serbian native speakers fi nd the bursts of English wordinitial /p t k/ more or less equally informative as the bursts of the corresponding Serbian counterparts, which points to the strong infl uence of their native language. Out of 120 listenings of bursts, there were 86 correct identifi cations, which makes up approximately 72% of the analyzed tokens (Table 4 ). The infl uence of Serbian is also observed in the case of CV formant transitions whose informativeness is signifi cantly lower in comparison to the one of bursts. According to the conducted measurements, the number of correct identifications on the bases of transitions is 32, which constitutes approximately 27% of the tokens. As in the case of Serbian voiceless stops, the number of correct identifications on the basis of the burst increases from /p/ to /t/ and /k/, but there are no significant differences between different places of articulation. Interestingly enough, Serbian speakers find the CV formant transitions characterizing English voiceless stops even less informative than the corresponding transitions characterizing their Serbian counterparts. The comparison of the results for Serbian and English shows that the formant transitions under the influence of English /p t k/ are approximately 12% less informative. What appears to be similar in the languages in question is the relevance of the formant movements with respect to the place of articulation. Thus, the transitions under the influence of /k/ are far less informative than the ones under the influence of /t/ and particularly /p/, which indicates that, as in Serbian, there is no complementary relation between the relevance of the burst and the corresponding formant transitions.
Another similarity is related to the sensitivity of the two acoustic cues to the vocalic environment. As in Serbian, the bursts of English voiceless stops are considerably less sensitive to the choice of the following vowel in comparison to the corresponding CV formant transitions (Table 5) . Thus, the difference in the number of correct identifications in the contexts where the following vowel is /i:/ and /ɒ/ does not surpass 7%, whereas in the case of /k/, there are no differences whatsoever. As for the formant transitions, the identification of /k/ is considerably more successful if the following vowel is /i:/, the alveolar stop /t/ exhibits the opposite behavior, whereas the formant transitions under the influence of /p/ are, as it is expected, least sensitive to the vocalic context. 
CONCLUSIONS
Despite the fact that Serbian and English differ with respect to the relevance of the burst and the corresponding CV formant transitions in the perception of wordinitial voiceless stops, Serbian native speakers show significantly heavier reliance on the burst spectra in both languages (Chart 2). Interestingly enough, although the transitions under the influence of English /p t k/ are longer due to aspiration and thus expected to be more relevant, Serbian speakers find them approximately 12% less informative than the corresponding transitions under the influence of their Serbian counterparts. Summarizing the obtained observations, it appears that the mechanism of interference works equally well in the areas of both language production and language perception. Thus, when perceiving the sounds of a foreign language, listeners tend to rely on the phonetic cues that are relevant in their native language. Other general tendencies observed in the perception of stops of both languages are the lack of complementary relation between the relevance of the burst and the corresponding formant transitions for different places of articulation as well as significantly higher sensitivity of the latter to the vocalic context, primarily in the case of alveolars and velars. The perception of word-initial /t/ is thus considerably more successful in front of a back vowel, whereas /k/ exhibits the opposite behavior in both languages.
